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Abstract The objective is to use hip ochronotic
arthropathy for an indirect approach to osteoarthritis
bone remodelling in a human joint via an identiﬁed
causal chondropathy. The method is via radiology
connecting pathology and nosology, based on the study
of seven ochronotic femur heads excised in alcaptonuric
patients. Due to the brittleness of ochronotic cartilage,
bone remodelling similar to that of hip osteoarthritis
exists with diﬀuse narrowing of the interarticular space
and (except in one case modiﬁed by intermediary
surgery) poorly developed osteophytes. Ochronotic
arthropathy is only a privileged model of osteoarthritis
bone remodelling, the pathology of which might well
evidence the stages of the process, with marking by
pigmented cartilage remnants Thus it may lead to
various reﬂections in rheumatology, among others
concerning the respective radiological hip images of
osteoarthritis and rheumatoid arthritis. The use of the
pathology–radiology ﬁles provided by hip surgery of
ochronotic arthropathy might oﬀer a useful reference
model for investigating various aspects of osteoarthritis.
Keywords Ochronosis Æ Osteoarthritis Æ Hip
osteoarthritis Æ Rheumatoid arthritis Æ Pathology
‘‘Ces corps divers sont des expe´riences toutes prepares
par la nature...comme nous pourrions desirer de le
faire dans nos laboratoires.’’
(These diﬀerent bodies are nature’s ready-made
experiments...like those we would like to carry out in
our laboratories)
Georges CUVIER
(Le re`gne animal distribue´ d’apre`s son organization,
1836)
Introduction
Alongside numerous studies devoted to the genesis of
osteoarthritis (OA) after experimental cartilage deterio-
ration, ochronotic arthropathy is the cause of bone
remodelling due to the connection of a genomic disorder
with the static and dynamic local conditions of a human
joint, thus illustrating in pathology the formula
proposed by Cuvier in normal biology to emphasize the
role of comparative observations.
The disorder is alcaptonuria which, by producing a
tanning of collagen ﬁbres by an irreversible bond with
polymerized oxidized homogentisic acid [1], causes
hardness and decreased elasticity of the cartilage, hence
its brittleness [2–4]. This is reproducible in in vitro
incubation [2]. The local mechanical conditions are
those of certain joints, not hand and foot joints but
mainly the knee, shoulder and hip [5]. The involvement
of the latter has led to the study of ﬁles associating
clinical, radiological and pathological data.
Materials and methods
To identify the key points of bone remodelling in osteo-
arthritis via ochronotic arthropathy, we used data pooled
from previous observations and illustrated by a new
selection of ﬁgures. The study was based on seven
ochronotic femoral heads excised in alcaptonuric patients
and investigated by pathology–radiology correlation.
Results
Alongside macroscopic and histological remnants of the
original pigmented cartilage, the ochronotic femoral
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heads presented bone remodelling similar to that of
osteoarthritis (Figs. 1, 2). The peculiarity of the causal
chondropathy was a brittleness resulting in shards of
pigmented hyalin cartilage (Fig. 1a)
In the ‘‘intrinsic’’ remodelling the unprotected bone
reacted by associating bone erosion and bone formation
with, sometimes, necrotic areas [6–8]. This led to surface
eburnation with deeper embedding of cartilage debris,
similar to that occurring in an associated detritic syno-
vitis (Figs. 1b, 2a). The ‘‘extrinsic’’ remodelling was
typiﬁed by a marginal non-enthesopathic osteophyte
covered by a newly formed cartilage (Fig. 2b–d) as was
also noted in knee ochronotic arthropathy [9]. This
covering cartilage was non-pigmented, underlying the
fact that cartilage impregnation by the ochronotic pig-
ment appears to be essentially related to the age as well
as the structure of the receptor cartilage. Mainly in-
feromedial, the osteophytes were discrete [6–8] except in
one case where the local mechanical conditions had been
modiﬁed by intermediary surgery [6, 8].
Discussion
An historical and conceptual overview
The connexion of osteoarthritis with ochronotic
arthropathy had already been emphasized by the OA
pioneer, Archibald Garrod, about a quarter of century
after he had based his concept of Inborn Error of
Metabolism on alcaptonuria. Without underestimating
the role of ‘‘wear and tear’’ in the condition, he added,
‘‘I cannot doubt that there is also some underlying cause
at work, which may be congenital or acquired’’ and cited
in support, ‘‘namely the peculiar liability of persons with
alcaptonuria and ochronosis to develop osteoarthritis
lesions in later life’’ [10]. Today’s pathology data ﬁt in
with this pioneer’s opinion. In order to avoid any
semantic ambiguity in the present paper, we distin-
guished nosology and pathology [11] by considering
ochronotic arthropathy and osteoarthritis as two noso-
logical entities, even though their common bone
remodelling was evidenced by pathology. Thus, in
addition to the study of the ochronotic cartilage itself, a
common approach to ochronotic arthropathy and
osteoarthritis could be presented: ﬁrst of all in teaching,
as a didactic illustration of OA bone remodelling, thanks
to the labelling of the original cartilage; furthermore in
showing that in the mechanical conditions of a human
joint, a genome-speciﬁc chondropathy could lead to the
same bone remodelling as that caused by the still mys-
terious ‘‘degenerative ‘‘ chondropathy which often sticks
close to the OA concept. However, as in ochronotic
spine versus ankylosing spondylitis [12], ochronotic
arthropathy does not reproduce OA disease but is only a
privileged model providing the opportunity to study
similarities as well as diﬀerences.
Lessons drawn from the pathology–radiology approach
A combined view gives a morphological approach to
ochronotic arthropathy where, thanks to extrapolation
from previous comparisons, X-rays translate the path-
ological data for the rheumatologist. Our observations
are on the whole in accordance with the data docu-
mented and suggest certain reﬂections in rheumatology.
In addition to the observations concerning osteoarthri-
tis, the bone remodelling of ochronotic arthropathy
shows some pathological and radiological similarities
Fig. 1 Overview of hip ochronotic arthropathy. a Pigmented hyalin
cartilage shards. On the left, well pigmented, presumably from the
cartilage deep layer. On the right, poorly pigmented with pigment
phagocytosis and chondrocytic necrosis (unstained slide ·60). b
Remodelled femoral head, posterior half. Eburnated weight-
bearing area separated by an intermediary abraded strip (arrow)
from the smooth persisting cartilage (round peroperative arte-
fact)—hyperplastic synovial membrane with cartilage debris (two
arrowheads). For X-rays of femoral head and hip joint, see Refs. [7,
8]
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with rheumatoid arthritis at an advanced stage [7, 8], i.e.
with a nosological entity also due to a chondropathy of
extra-articular origin. In both conditions, the intrinsic
remodelling in a loaded area has led to the development
of an eburnated surface wider than that usually caused
by a local mechanical disturbance. Thus the articular
interspace is more or less diﬀusely narrowed, and
extrinsic remodelling is seen in discrete osteophytes. In
our series, the only one exception was a case where a big
inferomedial osteophyte developed after intermediary
local surgery [6, 8]. In accordance with other data [13],
this leads to the idea that the growth of osteophytes
reﬂects articular imbalance induced by the intrinsic
remodelling disorder. Taking the hip as a model, one
might say that OA osteophytes appear as epiphenomena
which adapt the femur head to the intrinsic remodelling
process.
Looking back on osteoarthritis, one thus falls in line
with the observations of Salomon et al. [14] according to
which there are at least two forms of OA hip: (a) a rather
frequent hypertrophic form with obvious osteophytes
and localized loss of cartilage, related to malformations
or to mechanical local disorders such as in our case,
which had been modiﬁed by intermediary surgery and
(b) an atrophic form with discrete osteophytes and
widespread cartilage loss, showing more general joint
disturbances. Ochronotic arthropathy might be com-
pared with this latter form.
Alongside the above general approach comparing
ochronotic arthropathy with the nosological concept of
osteoarthritis, the condition must also be compared with
special forms such as ‘‘generalized osteoarthritis’’ and
‘‘rapidly destructive osteoarthritis of the hip’’. In both
conditions, hip arthropathy also presents a more or less
diﬀuse narrowing of the articular interspace in associa-
tion with discrete osteophytes. They often aﬀect several
joints in middle-aged and elderly women, thus appearing
related to a special background. In fact, ochronotic
arthropathy cannot be a reference model for generalized
osteoarthritis since it practically never concerns the
hands and feet [5, 15], which (as in rheumatoid arthritis)
are classic locations for the condition [16], thus
emphasizing the uniqueness of the disease.
On another level, rapidly destructive osteoarthritis of
the hip is a condition that has long been reported in
European literature and characterized by an evolution
which is more rapid than usual in OA. The interspace
narrowing is often diﬀuse and a chondrolytic phase
precedes a more or less erosive intrinsic bone remodel-
ling [17–20], as can be detected by MRI at an early stage,
with ﬁndings similar to those of transient osteoporosis
[21]. Pathological examination of the femoral heads
emphasizes necrotic areas and intense bone remodelling
[22].
A similar process has been reported in ochronotic
arthropathy [23]. In our series, a femoral head excised
7 months after the appearance of the initial symptoms
showed histologically active bone remodelling with tra-
becula microfracture and some necrotic areas [24, 25].
We noted that the case had been activated by an acute
Fig. 2 Two essential territories in an ochronotic femoral head with
remodelling of the OA type. On the left, medial part. For X-rays of
femoral head and hip joint, see Refs. [24, 25]. a Between two white
arrowheads, weight-bearing area with eburnated denuded bone and
underlying osteomedullar remodelling in which pigmented cartilage
shards are embedded. Medial and lateral remnants of ochronotic
cartilage cover. Embedding of a cartilage fragment in hyperplastic
synovial membrane (black arrowhead); macroscopical slice ·2.5.
b–d In infrafoveal location, minor form of osteophyte. b X-ray
showing the bony spur (·4). c Junction between the pre-existing
pigmented ochronotic cartilage and the non-pigmented newly
formed cartilage, indicated by an arrowhead corresponding to the
one in d; macroscopical slice ·5. d Histological aspect of the newly
formed cartilaginous spur prolonging the ochronotic cartilage and
covering the bony spur (stained slide, HE ·10)
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mechanical overload and thus also illustrated the pre-
sumed role played by superimposed neurovascular dys-
trophy in certain OA evolutions. However, the bone
remodelling appeared less active in a bilateral case [8],
the femoral head of which was excised 10 months after
the initial symptoms. Ochronotic arthropathy might
thus be a reference model in further studies of this form
of osteoarthritis in which rapid intrinsic remodelling is
preceded by a chondrolytic phase.
In fact the amount of literature devoted to ochronotic
arthropathy is obviously unequal to that given to
osteoarthritis, and a thorough comparative approach to
both diseases requires greater attention to new research
into the former. The frequency of hip involvement
provides the opportunity for clinical and radiological
observations, completed by pathological examination of
femur heads (with practically no noticeable ﬁnancial
expenditure or technical extras). Notwithstanding the
diﬀerences, an analysis of the similarities between both
conditions could be of conceptual interest.
Conclusion
Though ochronotic arthropathy is rare, it oﬀers, via
similar bone remodelling, a useful conceptual and
teaching approach to bone remodelling in osteoarthritis.
However, this privileged model cannot be considered a
true reproduction of the disease.
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